Grapheme-color synesthetes perceive color when reading letters or digits. We investigated oscillatory brain signals of synesthetes vs. controls using magnetoencephalography. Brain oscillations specifically in the alpha band (∼10 Hz) have two interesting features: alpha has been linked to inhibitory processes and can act as a marker for attention. The possible role of reduced inhibition as an underlying cause of synesthesia, as well as the precise role of attention in synesthesia is widely discussed.
a b s t r a c t
Grapheme-color synesthetes perceive color when reading letters or digits. We investigated oscillatory brain signals of synesthetes vs. controls using magnetoencephalography. Brain oscillations specifically in the alpha band (∼10 Hz) have two interesting features: alpha has been linked to inhibitory processes and can act as a marker for attention. The possible role of reduced inhibition as an underlying cause of synesthesia, as well as the precise role of attention in synesthesia is widely discussed.
To assess alpha power effects due to synesthesia, synesthetes as well as matched controls viewed synesthesia-inducing graphemes, colored control graphemes, and non-colored control graphemes while brain activity was recorded. Subjects had to report a color change at the end of each trial which allowed us to assess the strength of synesthesia in each synesthete.
Since color (synesthetic or real) might allocate attention we also included an attentional cue in our paradigm which could direct covert attention. In controls the attentional cue always caused a lateralization of alpha power with a contralateral decrease and ipsilateral alpha increase over occipital sensors. In synesthetes, however, the influence of the cue was overruled by color: independent of the attentional cue, alpha power decreased contralateral to the color (synesthetic or real). This indicates that in synesthetes color guides attention. This was confirmed by reaction time effects due to color, i.e. faster RTs for the color side independent of the cue. Finally, the stronger the observed color dependent alpha lateralization, the stronger was the manifestation of synesthesia as measured by congruency effects of synesthetic colors on RTs.
Behavioral and imaging results indicate that color induces a location-specific, automatic shift of attention towards color in synesthetes but not in controls. We hypothesize that this mechanism can facilitate coupling of grapheme and color during the development of synesthesia.
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Introduction
In people with grapheme-color synesthesia, the percept of a specific letter or digit causes the additional experience of color, e.g. the letter J might elicit the color orange. The color percept is automatic, involuntary, and idiosyncratic (stable over time) (e.g. Baron-Cohen, Wyke, & Binnie, 1987; Wollen & Ruggiero, 1983) .
In grapheme-color synesthetes, brain activity to achromatic graphemes is enhanced in visual color area V4 (Hubbard, Arman, Ramachandran, & Boynton, 2005; Sperling, Prvulovic, Linden, Singer, & Stirn, 2006; van Leeuwen, Petersson, & Hagoort, 2010) and in superior parietal cortex (Esterman, Verstynen, Ivry, & Robertson, 2006; Weiss, Zilles, & Fink, 2005) . In superior parietal cortex, information from different modalities is integrated (Corbetta, Shulman, Miezin, & Petersen, 1995; Robertson, 2003) . Aberrant cross-activation of color area V4 to grapheme and/or parietal areas is proposed to underlie synesthetic color experience.
At least two possible mechanisms of cross-activation have been discussed. The cross-wiring hypothesis proposes that increased anatomical connections between the grapheme area and color area in ventral-occipital cortex might lead to an aberrant crossactivation between these brain areas (Brang, Hubbard, Coulson, Huang, & Ramachandran, 2010; Ramachandran & Hubbard, 2001a , 2001b Rouw & Scholte, 2007 
